Abstract. Intravitreal bevacizumab injection (IVB) is emerging as a safe and effective therapy for retinopathy of prematurity (ROP); however, follow-up investigations after IVB have indicated that endophthalmitis, a rare and devastating complication, may develop. The present study reports a case of an infant with ROP who developed endophthalmitis after IVB infection. The infant was administered with an intravitreal injection of broad-spectrum antibiotics to treat the endophthalmitis. A favorable anatomic outcome was achieved after follow-up. From this case, it was discovered that the early clinical characteristics of endophthalmitis infection secondary to IVB in premature infants include: i) The clinical symptoms of endophthalmitis infection appearing as early as 3-5 days after IVB; ii) a white membranous plaque on the retina surface with an obscure circular boundary; iii) a plaque that enlarges to a gray flocculent mass and intrudes the vitreous body, where the hazing surrounds the lesion; and iv) conjunctival hyperemia and cornea edema in the anterior segment of the affected eye. This case also indicated that timely retinal screening with RetCam or a binocular ophthalmoscope 3-5 days after IVB may be effective for detecting early stage endophthalmitis in infants who are unable to complain of a loss of visual acuity. From the present case report, it is advisable that the same type of screening be performed 3-5 days after other types of eye surgery, such as cataract extraction surgery, to detect early stage endophthalmitis. Furthermore, the present case also revealed that an early intravitreal injection of broad-spectrum antibiotics may be an effective treatment for premature infants with bacterial endophthalmitis.
Introduction
Retinopathy of prematurity (ROP) is an eye disease that is caused by abnormal blood vessel development in premature infants, leading to potential vision loss. It is a major cause of childhood blindness, both in developed and developing countries (1) . Prevalence of ROP varies among different countries and the incidence of blindness in infants due to ROP is ~1 case in 820 infants in the United States (2) . ROP is diagnosed using RetCam imaging or a binocular ophthalmoscope. Peripheral retinal ablation with confluent laser therapy is the conventional treatment for type I pre-threshold or threshold ROP; however, this approach is invasive, destructive and is not completely effective against blindness in infants. In contrast, anti-vascular endothelial growth factor (VEGF) drugs have emerged as an alternative therapy with positive outcomes (3) (4) (5) (6) (7) . Intravitreal injection of bevacizumab (IVB; Avastin ® ), a humanized anti-VEGF monoclonal antibody, is an effective and safe therapy for ROP with no major side effects (3) (4) (5) (6) (7) . IVB is commonly used to treat diseases, including choroidal neovascularization, proliferative diabetic retinopathy and cystoid macular edema due to retinal vein occlusions (8) . In adults, intravitreal injections are safe, with few complications, including subconjunctival hemorrhage and corneal abrasion (9) . One rare yet harmful complication of intravitreal injections is endophthalmitis, which occurs at a rate of 0.019 (10) to 0.54% (11) . IVB has been approved as a monotherapy or an adjunctive treatment for ROP (3) (4) (5) (6) (7) . The present case is the first to report bacterial endophthalmitis in an infant with ROP after treatment with IVB.
Case report
The present case report was conducted at Guangzhou Women and Children's Medical Center (Guangzhou, China The parents of the patient were informed of the side effects of IVB treatment and the follow-up visits that would be required after treatment. Written informed consent was obtained from the parents prior to surgery. The injection was administered in an operating room under the care of an experienced pediatric anesthesiologist. A topical anesthetic, 4% oxybuprocaine hydrochloride in the form of eye drops (Benoxil; Santen Pharmaceutical Co., Ltd., Osaka, Japan), was applied to both eyes and a 0.1% povidone iodine solution (PVP-I; Adf, Ltd., Guangzhou, China) was applied for surgical asepsis. Bevacizumab (0.625 mg in 0.25 ml) was then injected 1 mm posterior to the limbus, initially perpendicular to the globe and then towards the center. After surgery, tobramycin/dexamethasone eye ointments (Tobradex; Alcon Laboratories, Fort Worth, TX, USA) were applied topically three times daily. No systemic antibiotic was used.
Four days after surgery, retinal imaging using RetCam (Massie Research Laboratories, Inc., Dublin, CA, USA) demonstrated a decrease in the size of the ridge and plus disease in both eyes. However, a circular membranous white plaque with an obscure boundary was observed on the retinal surface of the left eye ( Fig. 1 ). There was no neovascularization or fibroplasia adjacent to the lesion. Neither hypopyon nor conjunctival hyperemia were observed using a portable slit lamp microscope.
Three days following the first follow-up, retinal imaging demonstrated that the plaque had enlarged to a gray flocculent mass that intruded into the vitreous body, where hazing surrounded the lesion (Fig. 2) . A diagnosis of bacterial endophthalmitis in the left eye was made based on the characteristics of the lesion and the rapid deterioration. Conjunctival hyperemia and cornea edema were observed later on the same day. A vitreous tap procedure was immediately performed using a trans-pars plana vitreous 29-gauge needle to collect a 0.05-ml vitreous sample. Following this, an intravitreal injection of vancomycin (0.3 mg in 0.03 ml; Vianex S.A., Pallini Attiki, Greece) plus ceftazidime (0.75 mg in 0.03 ml; Zhijun Pharmaceutical Co., Ltd., Shenzhen, China) was administered. One drop of tobramycin/dexamethasone was applied to the eye every 3 h for 3 days, followed by the application of tobramycin/dexamethasone ointments three times per day for 1 week. No systemic antibiotics were used.
Cultures of the vitreous biopsy material and blood were negative for microorganisms, including bacteria and fungi. Four days after intravitreal injection of antibiotics, conjunctival hyperemia, cornea edema and the retinal lesion were diminished. After two follow-up examinations that were performed 4 days and 2 weeks after the intravitreal injection, the disease regressed (Figs. 3 and 4, respectively) . A favorable anatomic outcome was achieved 3 weeks after the intravitreal injection of antibiotics (Fig. 5) .
Discussion
In the present case study, a white membranous plaque with an obscure circular boundary was observed on the retinal surface of the left eye of an infant with ROP four days after IVB. Retinoblastoma was considered as a possible diagnosis based on the appearance of the fundus. Retinoblastoma is a tumor that slowly develops under the retina at an early stage and may be creamy or yellow-white with a yogurt-like appearance (13) . However, in the present case, retinal imaging indicated that the plaque enlarged to a gray flocculent mass that intruded into the vitreous body, with hazing surrounding the lesion. Based on the observation of the appearance of the mass, it was concluded that the mass was intraocular inflammation instead of retinoblastoma.
Intravitreal injection may cause infectious or non-infectious intraocular inflammatory reactions and it is critical to determine the type of inflammatory reaction so that the appropriate treatment method is applied. A bevacizumab-induced non-infectious reaction is characterized by early onset and a drop in visual acuity. In addition, patients exhibit a marked anterior chamber reaction without hypopyon. Large cellular aggregates of pseudogranulomatous aspect have also been observed in patients with a bevacizumab-induced non-infectious reaction in the absence of positive microbiological findings (14) . No apparent benefits of systemic treatment with antibiotics have been observed in these patients; however, systemic or topical cortisone treatment have been demonstrated to be more effective (14) . In the present case, the intraocular inflammatory reaction was more severe than the non-infectious inflammation described above. Conjunctival hyperemia and cornea edema were observed in the infected eye and the retinal lesion became larger and intruded the vitreous body. In addition, the inflammation did not respond to topical steroid treatment. Finally, the infant was treated with IVB in both eyes; however, only the left eye was inflamed, and so the case did not appear to be non-infectious inflammation induced by IVB.
Candida sepsis is a risk factor for ROP in infants (15) and may also cause endogenous fungal endophthalmitis in premature babies (16) . The typical manifestations of Candida endophthalmitis include chorioretinitis, vitritis, fluffy vitreous lesions, Roth's spots, uveitis and hypopyon (16, 17) . A case with bilateral Candida endophthalmitis associated with ROP presented moderate diffuse vitreous consolidation and focal intravitreal inflammatory aggregates (18) . In the present case, the lesion progressed quickly, and as there was an obvious intravitreal injection history this suggested that the infection was not endogenous fungal endophthalmitis.
Patients with acute postoperative bacterial endophthalmitis typically experience reduced vision, progressive pain, eyelid edema, conjunctival infection and chemosis within 2 weeks of surgery (19) . Bacterial endophthalmitis was diagnosed in the present case based on the intravitreal injection history and clinical signs. Out of ~200 bevacizumab injections administered at Guangzhou Women and Children Medical Center from 2010 to 2013, this was the only case that demonstrated endophthalmitis and is to the best of our knowledge the first case reported in the literature.
An intravitreal injection of broad-spectrum antibiotics was administered in the present case as even a slight delay in treatment may result in severe vision loss. The infant responded positively, confirming that the endophthalmitis present was caused by a bacterial infection. In cases involving postoperative bacterial endophthalmitis, only 69% of cultures demonstrate positive bacterial growth (20) . In the present case, the negative results obtained from the vitreous biopsy culture may have resulted from the high density of the infant's vitreous body, rather than the dissemination of the bacteria.
As endophthalmitis is able to severely damage vision, it has been suggested that broad-spectrum antibiotics should be used prior to the differentiation of the infectious organisms. Ceftazidime plus vancomycin may be effective antibiotics to treat endophthalmitis (21) . The established intravitreal injection dosages for adults are 2.25 mg/0.1 ml ceftazidime and 1.0 mg/0.1 ml vancomycin. However, the optimal or recommended dosages for infants are unknown. The present study used one-third of the adult dosage (0.06 ml) with the same concentration. This dosage was based on the approximation that a premature infant's eye is one-third of the volume of an adult eye, and the reported maximal volume for IVB in premature infants without complications is 0.05 ml (1.25 mg) (22) . Fortunately, in the present case, the bacterial infection was controlled without complications. After several follow-up visits, a favorable anatomic outcome was achieved. This result confirmed that the white membranous plaque with an obscure circular boundary identified 4 days after IVB was a bacterial endophthalmitis infection.
In conclusion, the present case highlighted the early clinical characteristics of endophthalmitis infection secondary to IVB in premature infants. These clinical characteristics include: i) Detection of clinical indicators at 3-5 days after IVB; ii) a white membranous plaque on the retina surface with an obscure circular boundary; iii) a plaque that enlarges to a gray flocculent mass and intrudes the vitreous body, where hazing surrounds the lesion; and iv) conjunctival hyperemia and cornea edema in the anterior segment of the affected eye. This case also indicated that timely retinal screening with RetCam or a binocular ophthalmoscope 3-5 days after IVB may be effective for detecting early stage endophthalmitis in infants who are unable to complain of a loss of visual acuity. The same type of screening should be performed 3-5 days after other types of eye surgery, such as cataract extraction surgery, to detect early stage endophthalmitis. Furthermore, the present case also revealed that an early intravitreal injection of broad-spectrum antibiotics may be an effective treatment for premature infants with bacterial endophthalmitis.
